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Abstract: 
 
In the last two decades the use of mobile phone has increased  :Background
globally. This has focused interest on its biological effects. The incredible 
increase in the usage of mobile phone in Sudan is a strong justification for 
conducting such a study, on the possible harmful effects of mobile phone on 
hearing. 
To explore possible effects of mobile phone use on hearing level : Objectives
and auditory threshold in humans, and to compare between level of exposure 
and threshold for hearing. 
sectional -this is an observational population survey cross :Tools and Methods
study, conducted in Khartoum state- Sudan. Two hundred volunteers filled 
questionnaires and had their hearing tested by diagnostic audiometer. 
Results: Heavy users of mobile phone show statistically significant prevalence 
of mild sensorineural hearing impairment, of no underline cause or risk factor, 
compared to the moderate users and the non users. They also show elevated 
auditory threshold at the minimum speech tone, compared to the other two 
classes, labeling them more at risk for developing hearing impairment. This 
study does not show association between long-term use of the mobile phone and 
hearing impairment. 
Conclusion: Mobile phone has adverse effects on auditory function in humans. 
These effects need to be more thoroughly studied.    
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Chapter One  
Introduction, Objectives, and Literature Review  
 
 
1.1. Introduction: 
1.1.1. Background:     
             In the last two decades the use of mobile phone as a 
communication means has increased globally. This, in turn, has focused 
interest on the biological effects and possible health problems of exposure 
to radiofrequency fields eliminated from mobile phones. Various reports 
suggested that mobile phone use could cause health problems like fatigue, 
headache, dizziness, tension, and sleep disturbances, in addition to 
possible tumor causation; however, only scanty research activities were 
conducted regarding interaction between electromagnetic fields emitted 
by mobile phones and auditory functions. This is described fully and in 
details in the section of the literature review.   
1.1.2. Justification: 
     Papers in scientific journals have been reviewed in preparation for 
conduction of this study; they questioned the possible influences of mobile 
phone on auditory functions. These projects have not been addressed in the 
Sudan. So,  
 a- The purpose of this study is to explore whether any statistical evidence 
supporting that mobile phone usage has effects on auditory functions in humans.   
b- The incredible increase in the usage of mobile phone in Sudan is a strong 
justification for conducting such a study, on the possible harmful effects of 
mobile phone on hearing. 
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1.2. Objectives: 
     1.2.1. General: 
 To explore possible effects of mobile phone use on hearing level and 
auditory threshold in humans.                                            
     1.2.2. Specific: 
 1. To identify the magnitude of the possible harmful effects of mobile phone 
on hearing.   
2- To correlate the state of mobile phone use with the results of the 
audiometric test, (i.e., comparison between level of exposure and threshold 
for hearing).  
1.3. Literature Review: 
       The ear is the organ that detects sound. The vertebrate ear shows a common 
biology from fish to humans, with variations in structure according to order and 
species. It not only acts as a receiver for sound, but plays a major role in the 
sense of balance and body position. The ear is part of the auditory system, 
which is the sensory system for the sense of hearing. It receives sound waves, 
discriminates their frequencies, and transmits auditory information into the 
central nervous system, where its meaning is deciphered (1). 
       The ear is descriptively divided into the external, middle and internal ear. 
The external ear consists of the auricle or pinna and the external acoustic 
meatus, at the medial end of which lies the tympanic membrane, separating the 
external ear from the middle ear. The middle ear or the tympanic cavity 
(tympanum) is a small space in the temporal bone containing the auditory 
ossicles (malleus, incus and stapes) and air that communicates with the 
nasopharynx by the auditory tube. By its medial wall the middle ear adjoins the 
inner ear, which is composed of the osseous labyrinth another space within the 
temporal bone, housing the membranous labyrinth, that contains the auditory 
and vestibular nerve receptors (2).  
        The external ear funnels sound waves to the external auditory meatus, from 
which the external auditory canal passes inward to the tympanic membrane 
(eardrum). Vibrations in the later by sound waves are transmitted by means of 
the small inter-articulating bones, the ossicles, in the middle ear towards the 
cochlea of the inner ear. Located on the basilar membrane inside the cochlea is 
the organ of Corti, the structure that contains the hair cells which are the 
auditory receptors. These hair cells are arranged in four rows: three rows of 
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outer hair cells, and one row of inner hair cells. There are 20,000 outer hair cells 
and 3,500 inner hair cells in each human cochlea (3).  
      From the cochlear nuclei, auditory impulses pass via a variety of pathways 
to the inferior colliculi, the centers for auditory reflexes, and via the medial 
geniculate body in the thalamus to the auditory cortex. Others enter the reticular 
formation. The primary auditory cortex, Brodmann's area 41, is in the superior 
portion of the temporal lobe. In humans, it is located in the sylvian fissure. In 
the primary auditory cortex, most neurons respond to inputs from both ears. 
There are several additional auditory receiving areas, the auditory association 
areas, which are widespread around the primary one (3). 
       The sensation produced when longitudinal vibrations of the molecules in 
the external environment strike the tympanic membrane is the "sound". And 
such movements in the environment are generally called sound waves. The 
waves travel through air at a speed of approximately 344 m/s (770 miles/h) at 
20 °C at sea level (3).  
     Generally speaking, the loudness of a sound is correlated with the amplitude 
of a sound wave, and its pitch with the frequency (number of waves per unit of 
time). The amplitude of a sound wave can be expressed in terms of the 
maximum pressure change at the eardrum, but a relative scale is more 
convenient.  
Because of the extreme changes in sound intensities that the ear can detect and 
discriminate, sound intensities are usually expressed in terms of the logarithm of 
their actual intensities. A 10-fold increase in sound energy is called 1 bel, and 
0.1 bel is called 1 decibel. One decibel represents an actual increase in sound 
energy of 1.26 times.  
Another reason for using the decibel system to express changes in loudness is 
that, in the usual sound intensity range for communication, the ears can barely 
distinguish an approximately 1-decibel change in sound intensity.  
        The sound frequencies audible to humans range from about 20 to a 
maximum of 20,000 cycles per second (c9ps, Hz). The threshold of the human 
ear varies with the pitch of the sound, the greatest sensitivity being in the 1000- 
to 4000-Hz range (3). 
     Partial or complete loss of hearing sense is called "deafness".  Impaired 
sound transmission in the external or middle ear causes conduction deafness, 
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while damage to the hair cells or neural pathways causes nerve deafness or also 
called: sensorineural deafness.  
      Among the causes of conduction deafness are: 1- plugging of the external 
auditory canals with wax, fungal hyphae, or foreign bodies, 2-destruction of the 
auditory ossicles, 3-thickening of the eardrum following repeated middle ear 
infections, and, 4-abnormal rigidity of the attachments of the stapes to the oval 
window. So, it is unlikely to expect this specific type of deafness to result from 
exposure to the electromagnetic waves.  
        However, the sensorineural type of deafness is the one that is more 
expected to be a consequence of extensive or prolonged exposure to the 
electromagnetic waves eliminated from mobile phones. It is established that 
aminoglycoside antibiotics such as streptomycin and gentamicin obstruct the 
mechanosensitive channels in the stereocilia of hair cells and can cause the hair 
cells to degenerate, producing nerve deafness, and abnormal vestibular function 
as well. Also well documented is that damage to the outer hair cells results from 
exposure to impulsive or impact noise that exceeds a peak sound pressure level 
of 140 dB or, to prolonged (more than eight hours) continuous exposure to noise 
of more than 85 dB (4). Other causes include tumors of the vestibulocochlear 
nerve and cerebellopontine angle, and vascular damage in the medulla. So, 
individuals with the above risks for developing sensorineural deafness are 
automatically excluded from this study.   
Presbycusis, the gradual hearing loss associated with aging, affects more than 
one-third of those over 75 and is probably due to gradual cumulative loss of hair 
cells and neurons. And because of that, individuals above 65 years of age are 
also excluded from the study. 
         
        Audiometry is the testing of hearing ability measured with an audiometer. 
This device presents the subject with pure tones (a pure tone is a tone with 
single frequency) of various adjustable frequencies through earphones. At each 
frequency (measured in Hz), the threshold intensity (measured in dB) is 
determined and plotted on a graph (audiogram) as a percentage of normal 
hearing. This provides an objective measurement of the degree of deafness and 
a picture of the tonal range mostly affected.  
         The most commonly used assessment of hearing is the determination of 
the threshold of audibility, i.e. the level of sound required to be just audible. 
This level can vary for an individual over a range of up to 5 dB from day to day 
and from determination to determination (5), but it provides an additional and 
useful tool in monitoring the potential ill effects of exposure to certain factors. 
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That’s why this measurement is used as an integral part of the audiometric 
testing in this study (besides the audiogram), in order to detect any potential 
harmful effects of mobile phone use on audition even if there is no deafness per 
se.  
          An audiogram is the standard way of representing a person's hearing loss. 
Most audiograms cover the limited range 250Hz to 8000Hz (8kHz) which is 
most important for clear understanding of speech, and they plot the threshold of 
hearing relative to a standardized curve that represents 'normal' hearing, in 
dBHL (decibel hearing level). The audiogram used in this study covers an even 
wider range of 125- 8000Hz.   
      Audiograms are set out with frequency in hertz (Hz) on the horizontal axis, 
most commonly on a logarithmic scale, and a linear dBHL scale on the vertical 
axis.  Normal hearing is classified as being between -10dBHL and 30dBHL, 
although 0dB from 250Hz to 8 kHz is deemed to be 'average' normal hearing. 
 
        Audiometers are standard equipment at ear nose and throught (ENT) 
clinics and in audiology centers. They usually consist of an embedded hardware 
unit connected to a pair of headphones and a feedback button, sometimes 
controlled by a standard PC. Audiometer requirements and the test procedure 
are specified in IEC 60645, ISO 8253, and ANSI S3.6 standards.  
An alternative to hardware audiometers are software audiometers, which are 
available in many different configurations.  
Screening PC-based audiometers use a standard computer and can be run by 
anybody in their home to test their hearing, although their accuracy is not as 
high due to lack of a standard for calibration. Some of these audiometers are 
even available in a hand held Windows driven device.  
Clinical PC-based audiometers are generally more expensive than software 
audiometers, but are much more accurate and efficient. They are most 
commonly used in hospitals, audiology centers and research communities. 
These audiometers are also used to conduct Industrial Audiometric Testing. 
Because these audiometers can be calibrated to 1/10 of a dB, calibration is more 
accurate than hardware audiometers. Some audiometers even provide a software 
developer's kit that provides researchers with the capability to create their own 
diagnostic tests. 
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** History of the device: The invention of the audiometer is generally credited 
to Dr. Harvey Fletcher of Brigham Young University (September 11, 1884 – 
July 23, 1981) (6). He was an American physicist. He is credited with the 
invention of the hearing aid and the audiometer. He is remembered as a trail-
blazing investigator into the nature of speech and hearing, and for his numerous 
contributions in acoustics, electrical engineering, speech, medicine, music, 
atomic physics, sound pictures, and education (6). 
       Harvey Fletcher was a brilliant physicist who had worked at the University 
of Chicago with Nobel Prize winner Robert A. Millikan (1868-1953).  Millikan 
was famous for his measurement of the charge of the electron in 1910, and for 
his work on the photoelectric effect (confirming Einstein's theory of the photon 
theory of light).  Millikan then went on to serve as president of Caltech from 
1921 to 1945. Fletcher received his Ph.D. from the University of Chicago 
summa cum laude, working with Millikan on determining the value of the 
charge of the electron.  Fletcher later became Director of Research at Bell 
Laboratories, where he oversaw three decades of research and improvement in 
sound, hearing, transmission, and reproduction (6). 
 
Types of Audiometric methods: 
A. Subjective Audiometry 
          1. Pure tone Audiometry 
          2. Speech Audiometry  
B. Objective Audiometry  
          Electronic response Audiometry   
       
           Pure tone audiometry (PTA) is the key hearing test used to identify 
hearing threshold levels of an individual, enabling determination of the degree, 
type and configuration of a hearing loss. Thus, providing the basis for diagnosis 
and management, and it is the audiometry type used in this study. PTA is a 
subjective, behavioral measurement of hearing threshold, as it relies on patient 
response to pure tone stimuli. Therefore, PTA is used on adults and children old 
enough to cooperate with the test procedure. As with most clinical tests, 
calibration of the test environment, the equipment and the stimuli to ISO 
standards is needed before testing proceeds. PTA only measures thresholds, 
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rather than other aspects of hearing such as sound localization. However, there 
are benefits of using PTA over other forms of hearing test, such as click 
auditory brainstem response. PTA provides ear specific thresholds, and uses 
frequency specific pure tones to give place specific responses, so that the 
configuration of a hearing loss can be identified. As PTA uses both air and bone 
conduction audiometry, the type of loss can also be identified via the air-bone 
gap.   
Threshold for Hearing Sound at Different Frequencies. Experimentally it 
has been found that a 3000Hz sound can be heard even when its intensity is as 
low as 70 decibels below 1 dyne/cm2 sound pressure level, which is one ten-
millionth microwatt per square centimeter. Conversely, a 100Hz sound can be 
detected only if its intensity is 10,000 times as great as this.  
Frequency Range of Hearing. The frequencies of sound that a young person 
can hear are between 20 and 20,000Hz. However, the sound range depends to a 
great extent on loudness. If the loudness is 60 decibels below 1 dyne/cm2 sound 
pressure level, the sound range is 500 to 5000Hz; only with intense sounds can 
the complete range of 20 to 20,000 cycles be achieved. In old age, this 
frequency range is usually shortened to 50 to 8000 cycles per second or less.  
  
     Hearing thresholds of humans and other mammals can be found by using 
behavioral hearing tests or physiological tests. An audiogram can be obtained 
using a behavioral hearing test. For humans the test involves different tones 
being presented at a specific frequency (pitch) and intensity (loudness). When 
the person hears the sound they raise their hand or press a button so that the 
tester knows that they have heard it. The lowest intensity sound they can hear is 
recorded. 
The test varies for children, their response to the sound can be a head turn or 
using a toy. The child learns what they can do when they hear the sound, for 
example they are taught that when they heard the sound they can put a toy man 
in a boat. A similar technique can be used when testing some animals but 
instead of a toy, food can be used as a reward for responding to the sound.  
      Physiological tests do not need the patient to respond (Katz 2002). For 
example when performing the brainstem auditory evoked potentials the 
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patient’s brainstem responses are being measured when a sound is played into 
their ear. 
     Anatomically, the ear is in close proximity to the mobile phone during use. 
The skin, inner ear, cochlear nerve and the temporal lobe surface absorb the 
radiofrequency energy that emerges from the device during use. Part of this 
absorbed energy is converted to heat which may have damaging effects on cells 
and tissues.  
       The different telecommunication companies use different sorts of 
telecommunication technologies to provide their services to the customers. 
These technologies are adjusted according to two important parameters. These 
are: the frequency of electromagnetic waves, and the power of transmission. 
Regarding the former, all the telecommunication companies in Sudan use the 
common range of frequencies, which is provided to them by the National 
telecommunication corporation (NTC), the only server. This range is 900-
1800MHz. One company may use 800MHz instead, but this small difference is 
of no practical significance. 
       Regarding the second parameter, that is the power of transmission, we have 
two systems in use: 1. Global system for mobile (GSM), and 2. Code division 
multiple access (CDMA). The former employs a fixed value of transmission 
power, in Watts, and always has an upper limit depending on coverage of 
operator. Conversely, CDMA technology adjusts the power of transmission 
according to how far is the mobile phone user from the nearest base station. So, 
high powers as long as low powers are applied to the user ear. This can reach as 
great as 1 Watt in hand set mobile phone, which could be potentially dangerous. 
  
 
      In 1996, the World Health Organization began an investigative study with 
the objective of evaluating the health and environmental effects from exposure 
to electromagnetic force (EMF) in the range of frequencies from zero to 300 
GHz over a ten-year period (7). These effects on the organism are caused by the 
hyperthermia that radio-frequency waves generate in the area. They are 
recognized as maximum values below which this exposure is considered not to 
have any harmful effects on health. Thus, a value of energy absorbed per unit of 
mass of body tissue lower than 2 watts/kg represents a rate of specific 
absorption accepted as innocuous for any apparatus which generates EMF with 
frequencies between 100 kHz and 10 GHz. 
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         The appearance of brain and hematological tumors has been the subject of 
a great deal of scientific literature towards the mobile phone use. The 
measurement of the radiation to which the subject has been exposed, the 
standardization of the method and the complexity of carrying out large 
epidemiological studies all represent difficulties with this respect. All this has 
led to the controversial conclusion that the only cause of death to which an 
increase in risk related to mobile-phone use can be attributed is that of a road 
accident (7). 
 
     The non-ionizing radiation, especially magnetic/electromagnetic fields of all 
frequencies (0-300 GHz), can have many harmful effects on the human health 
that is confirmed by numerous epidemiological studies, studies with volunteers, 
animal studies, and in vitro studies. Telecommunications systems emit 
radiofrequency, which is an invisible electromagnetic radiation. Mobile phones 
operate with microwaves (450900 MHz in the analog service, and 1,82,2 GHz 
in the digital service). Although noticeable deterioration in hearing level due to 
mobile phone use has not been described in the medical practice, there is still 
widespread concern that there may be potential for harm. 
 
       Studies concerning mobile phone usage and risk of developing 
sensorineural hearing impairment have resulted in controversial opinions. Some 
researchers did not find evidences of a higher risk for development of 
sensorineural hearing impairment among the users of mobile phones, while 
others reported that usage of mobile phones may increase the risk of developing 
hearing impairment.    
       Travelling back several years in the past; in the year 2003, a group of 
Turkish scientists published an interesting study at its time, it was titled: Effects 
of chronic exposure of electromagnetic fields from mobile phones on hearing in 
rats. They claimed that only little attention had been paid to the effects of 
electromagnetic field (EMF) of mobile phones on hearing. So, they aimed to 
investigate the effects of chronic exposure to EMF emitting from mobile phones 
on the inner ear of adult and developing rats using distortion product 
otoacoustic emissions (DPOAEs). EMF of mobile phones exposure was 
scheduled according to a sham-exposure controlled experimental design. Every 
day seven of 14 adult and four newborn rats were exposed to 1hour mobile 
phone EMF for 30 days, while the other seven adult rats were assigned to 
control group. DPOAEs were measured in both groups before and after the 
chronic exposure to EMF. The newborn rats were tested following similar 
exposure beginning on the 2nd day after birth. They found no measurable EMF 
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associated changes in DPOAEs either in adult or developing rat inner ears were 
determined (P>0.05). So, it was concluded that chronic exposure of EMF, as 
long as 30 days 1 hour per day, emitting from a mobile phone did not cause any 
hearing deterioration in adult and developing rats, at least at outer and middle 
ear and cochlear levels (8). 
        Another study was published in May 2005 about hearing level and 
intensive use of mobile phone. This study was conducted by a group of Spanish 
scientists, who introduced as follows: "Wide studies and substantial 
controversies build on utilization of actual mobile phones and appearance of 
systemic disorders or even tumors, but there is no knowledge about an eventual 
involvement on early hearing loss". In a group of three hundred and twenty-
three healthy and normoacoustic volunteers who were usual costumers of 
mobile phones an audiometric evaluation was made at the beginning of its use 
and three years later, inquiring about the periods of time per day and year 
employed on direct contacts with phone. A healthy and normoacoustic control 
group of non users was studied too. The results were as follows; Cases carried 
out 24.3 +/- 8.2 active contacts, reaching 50.4 +/- 27.8 days of mobile phone 
employment in three years. Audiometric curve was similar in cases and controls 
at the beginning of the study. After this follow-up, cases showed an increase on 
hearing threshold between 1 and 5 dB HL more than controls in speech tones 
(p<0.001). Moreover, there was a trend to correlate time of phone use to hearing 
impairment, but this finding did not result statistically significative. They 
concluded that frequent management of mobile phones in a middle period of 
time allows detecting a mild hearing loss, but the cause of this disorder keeps 
unclear (7). 
           A single year later, other Turkish researchers investigated the effects of 
intensive and moderate cellular phone use on hearing function. The purpose of 
that study was to investigate the effects of radiation emitted by mobile phones 
on the hearing of users. The study was carried out on three groups: 1) 20 men 
who have used a cellular phone frequently and spoken approximately 2 h per 
day for four years; 2) 20 men who have used a cellular phone for 10-20 min per 
day for four years; and 3) 20 healthy men who have never used a cellular phone 
(the control group). Brainstem evoked response audiometric (BERA) and pure 
tone audiometric (PTA) methods were used to measure the effects of exposure 
on hearing function of the subjects. In BERA measurements, I-III, III-V, and I-
V interpeak latencies were evaluated. Interpeak latency of subjects in two 
experimental groups was compared to that of subjects in the control group. The 
BERA results showed no differences among the groups (p > 0.05). In PTA 
measurements, detection thresholds at 250 Hz, 500 Hz, 1000 Hz, and 2000 Hz, 
4000 Hz, and 8000 Hz frequencies were measured in all three groups. No 
differences were observed between moderate mobile phone users (10-20 min. 
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per day) and control subjects. However, detection thresholds in those who 
talked approximately 2 h per day were found to be higher than those in either 
moderate users or control subjects. Differences at 4000 Hz for both bone and air 
conduction for right ears, and 500 Hz, and 4000 Hz bone and air conduction for 
left ears were significant for mean hearing threshold. This study showed that a 
higher degree of hearing loss is associated with long-term exposure to 
electromagnetic (EM) field generated by cellular phones (9). 
       However, in the year 2007, in Abdul-Aziz University Hospital-Kingdom of 
Saudi Arabia, they reported a case of sensorineural hearing loss due to Global 
System for Mobile Communications mobile phone use, in a 42-year-old male 
(10).  
        In the year 2008, researchers from Brazil carried out a systematic review 
titled: "Mobile phones: influence on auditory and vestibular systems". They 
reviewed papers on the influence of mobile phones on auditory and vestibular 
systems from Lilacs and Medline databases, published from 2000 to 2005, and 
also materials available in the Internet. They then found that studies concerning 
mobile phone radiation and risk of developing an acoustic neuroma have 
controversial results; as some authors did not see evidences of a higher risk of 
tumor development in mobile phone users, others report that usage of analog 
cellular phones for ten or more years increase the risk of developing the tumor. 
Acute exposure to mobile phone microwaves does not influence the cochlear 
outer hair cells function in vivo and in vitro, the cochlear nerve electrical 
properties nor the vestibular system physiology in humans. Analog hearing aids 
are more susceptible to the electromagnetic interference caused by digital 
mobile phones. They finally reach the conclusion that there is no evidence of 
cochleo-vestibular lesion caused by cellular phones (11). 
      The results of "The European project EMFnEAR" were published in 2009. 
The project was undertaken to assess potential changes in human auditory 
function after a short-term exposure to radiofrequency (RF) radiation produced 
by UMTS (Universal Mobile Telecommunication System) mobile phones. 
Participants were healthy young adults with no hearing or ear disorders. 
Auditory function was assessed immediately before and after exposure to 
radiofrequency radiation, and only the exposed ear was tested. Tests for the 
assessment of auditory function were hearing threshold level (HTL), distortion 
product otoacoustic emissions (DPOAE), contralateral suppression of 
transiently evoked otoacoustic emission (CAS effect on TEOAE), and auditory 
evoked potentials (AEP). The exposure consisted of speech at a typical 
conversational level delivered via an earphone to one ear, plus genuine or sham 
RF-radiation exposure produced by a commercial phone controlled by a 
personal computer. Results from 134 participants did not show any consistent 
pattern of effects on the auditory system after a 20-min UMTS exposure at the 
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maximum output of the phone with 69 mW/kg SAR in the cochlea region in a 
double blind comparison of genuine and sham exposure. An isolated effect on 
the hearing threshold at high frequencies was identified, but this was 
statistically non significant after correction for multiple comparisons. It is 
concluded that UMTS short-term exposure at the maximum output of consumer 
mobile phones does not cause measurable immediate effects on the human 
auditory system (12). 
       The most recent scientific work on the issue of the relation between mobile 
phones and hearing is that by the Istituto di Ingegneria Biomedica in Melan- 
Italy. In January 2010, they published a paper titled: "Absence of short-term 
effects of UMTS exposure on the human auditory system". The aim of this 
study, which was performed in the framework of the European project 
EMFnEAR, was to investigate the potential effects of Universal Mobile 
Telecommunications System (UMTS, also known as 3G) exposure at a high 
specific absorption rate (SAR) on the human auditory system. Participants were 
healthy young adults with no hearing or ear disorders. Auditory function was 
assessed immediately before and after exposure to radiofrequency (RF) 
radiation, and only the exposed ear was tested. Tests for the assessment of 
auditory function were hearing threshold level (HTL), distortion product 
otoacoustic emissions (DPOAE), contralateral suppression of transiently evoked 
otoacoustic emission (CAS effect on TEOAE), and auditory evoked potentials 
(AEP). The exposure consisted of speech at a typical conversational level 
delivered via an earphone to one ear, plus genuine or sham RF-radiation 
exposure obtained by an exposure system based on a patch antenna and 
controlled by software. Results from 73 participants did not show any consistent 
pattern of effects on the auditory system after a 20-min UMTS exposure at 1947 
MHz at a maximum SAR over 1 g of 1.75 W/kg at a position equivalent to the 
cochlea. Analysis entailed a double-blind comparison of genuine and sham 
exposure. It is concluded that short-term UMTS exposure at this relatively high 
SAR does not cause measurable immediate effects on the human auditory 
system. (13) 
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THE RESEARCH QUESTIONS:           
** Is there a relationship between mobile phone use and hearing level in 
humans? 
** Is the ear that’s most frequently used at the mobile phone more prone to the 
possible harmful effects of the mobile phone than the other ear? 
** Does the use of headsets help to prevent any possible harmful effects of 
mobile phones on hearing? 
** Do the different technologies (frequencies in and powers of transmission) 
that are used by the different telecommunication companies exert different 
effects on hearing?   
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Chapter Two 
Methods Tools and 
    
 2.1. Study Design: 
        Observational, Cross-sectional retrospective study.   
2.2. Study Area: 
       Khartoum State, Republic of Sudan. It has an area of 22,122 km2 and an 
estimated population of approximately 4,700,000 (2000). Khartoum is the 
national capital of Sudan.  
 2.3. Study population: 
Adults of both sexes from different slices of the population in the study area, i.e. 
Khartoum state- Sudan, who are eligible for the study, and have different rates 
of mobile phone usage. Accordingly, they are planned to be set into three 
categories: (1) Heavy users of mobile phones: Those who use the mobile phone 
for 2 hours per day and more, (2) Moderate users of mobile phones: Those 
who use the mobile phone for less than two hours per day, (3) Non-users of 
mobile phones: Those who do not normally use the mobile phone in their lives.  
This classification has been set on referral to the Turkish study 2006, which is 
mentioned in the section of the literature review (9).  
The study sample is divided into age groups: young adults (18-25 years), adults 
(26-35 years), middle aged (36-50 years), and old people (51-65 years).  
 
 
 *Inclusion criteria: 
Age: between 18 and 65 years, with normal hearing.            
 
*Exclusion criteria:  
Age less than 18 and more than 65 years. 
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People included in the study should have no history of: 
- Inflammatory disease of the external or middle ear that could predispose the 
subject to recurrent otitis (secretory otitis media, tympanic perforation, 
cholesteatoma etc) at the time of the study. 
  
- a disease with a known capacity to affect hearing (meningoencephalitis, 
 cranioencephalic trauma, cerebrovascular accident, parotiditis etc) at the time 
of the study.  
 
- taking medicine containing agents with a known ototoxic potential (quinine, 
aspirin, aminoglycoside antibiotics, furosemide, antineoplastics or derivatives of 
the same etc) at any time during the last six mounths. 
 
- carrying out social or work activities in environments exposed to acoustic 
contamination (airplane noise in airports,  loud pop music, use of firearms, 
explosives or pyrotechnical material, industrial machinery, pneumatic drills) 
known to be higher than 80 dB at the daily average level, or 140 dB at the peak 
level. 
 
  
2.4. Sampling: 
The study sample will be randomly selected. Any person who is eligible for the 
study and fulfils the inclusion-exclusion criteria specified in the previous 
section of this proposal will be included in the study. 
 
2.5. Sample size: 
The prevalence in previous study was 0%, and the sample of it was 60. 
Accordingly, the sample size in this study has to be any figure above 60. It is 
chosen to be 200.   
 
  
 
2.6. Data collection:  
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 2.6.1. Tools: 
1-Structured Questionnaire: The volunteers are requested to answer a set of 
questions regarding personal data, and the manner of mobile phone use. A copy 
of the questionnaire is attached to the proposal as: Appendix A.  
2- Audiometer: The device to be used in the study is: Diagnostic Audiometer/ 
AD229e, Interacoustics A/S, Drejervaenget 8, DK-5610 Assens, Denmark. Tel: 
+45 6371 3555, Fax: +45 6371 3522, VAT no.: DK15015446. ( 
info@interacoustics.com  service@interacoustics.com). 
 
2.6.2. Methods: 
1- The questionnaire is filled by the researcher after taking oral consent from 
the volunteer and explaining the exact meaning of each question. As mentioned 
above, each volunteer is subjected to answer a set of questions regarding 
personal data, personal or family history of past or present ear disease or 
hearing loss, and the manner of mobile phone use. A copy of the questionnaire 
is attached as: Appendix A.  
 According to the frequency of mobile phone use obtained from the 
questionnaire, the sample is classified into the three classes mentioned above: 
(1) heavy users, (2) moderate users, and (3) non-users. 
2- Audiometric test, i.e. pure tone audiometry, is conducted for each volunteer 
by the researcher after taking oral consent from the volunteer and explaining the 
procedure fully for them. 
Before carrying out the hearing test, information about the person’s past 
medical history is obtained, not only concerning the ears but also other 
conditions which may have a bearing on possible hearing loss detected by an 
audiometric test; this is explained fully in the inclusion-exclusion criteria of 
sampling. 
 Then Weber and Rinne tests are done to the individual using the usual tuning 
forks so as to discover conductive type of deafness that may influence our 
results. 
NB: Persons with conductive type of hearing impairment diagnosed clinically or 
audiometrically, are automatically excluded from the study. 
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Audiometric test is carried out in a sound-proof chamber to eliminate external 
sounds from influencing the test. The subject is asked to remove anything which 
might upset the test results, e.g. spectacles, or earrings. Instructions are given 
about the test procedure, and the subject is requested to indicate whether he/she 
can just hear or cannot hear a certain sound (the sound level may be increased 
from a very low level or reduced from a high level). 
Earphones are fitted carefully over the ears and the test is then carried out on 
each ear starting from the right one. 
Firstly, a threshold test is undertaken in which each ear is subjected to sound at 
a frequency of 1 kHz at varying levels of intensity ranging from low to high and 
high to low. The procedure is repeated several times so that an average 
threshold can be derived for the test. Thresholds can vary due to slight changes 
in the procedures adopted in setting up the test, e.g. variation of the position of 
the earphone on the ear. Following this pre-check, both of the subject’s ears are 
tested through a range of frequencies: 0.125, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6 
and 8 kHz. And hearing loss recorded for each frequency, again via a series of 
sound exposures. From them an audiogram for the air conduction is drawn 
down. 
Then, bone conduction is tested similarly but using the bone piece instead of the 
ear phones. The bone piece is fitted tightly to the mastoid bone on each side 
starting from the right. And hearing loss recorded for each frequency, again via 
a series of sound exposures. From them an audiogram for the bone conduction 
is drawn down. 
So, each ear is tested separately, starting from the right one, for: 
- Threshold for hearing at 1000Hz (the minimum speech tone)  
- Air conduction hearing level, on the audiogram paper, and, 
- Bone conduction hearing level, on the audiogram paper. 
                      
     When the test is completed, a second threshold check is carried out to see 
that no errors have crept in during the test. Both threshold checks should agree 
within a maximum of 10 dB. If they do not, a re-test is performed. 
 
18 
 
      Diagnostic system adopted in the study is the Classical British System, 
which considers normal hearing up to 30 d B, mild hearing impairment above 
30 up to 45 dB HL, moderate hearing impairment above 45 d B HL up to 60 d B 
HL, and severe hearing impairment above 60 d B HL. Three points lying in the 
diagnostic area are sufficient for diagnosis from the audiogram.     
 
 
 
**The accuracy of audiometry can be affected by four main factors: 
1- Technical limitations - how accurately can either the frequency or the hearing 
level be determined. This relies primarily on the quality of the device itself, 
which is guaranteed to large extent in this study according to the device used 
(described above).  
2- Learning effect - the first ear tested sometimes appears worse than the second 
one since the individual becomes more proficient at detecting the threshold. 
This is maximally avoided in the study by explaining the procedure well to the 
volunteer, and by carrying out the auditory threshold tests for both ears prior to 
doing the audiogram tests.   
3- Headphone fit - some of the variation in threshold measurement has been 
attributed to differences in the location of the headphones, which in turn affect 
the detection of the threshold. So, the careful fitting of the headphones in a 
primary step in the audiometric testing in this study.    
4- Background noise – audiometric tests should be carried out in a sound-proof 
chamber to eliminate external sounds from influencing the test, as mentioned 
above. 
A further complication of audiometric testing is that it is subjective and relies 
on the cooperation of the subject. If the subject is unable or unwilling to co-
operate with the test then unrepresentative results will be obtained. This is not 
expected in this study, because the subjects actually volunteer to provide the 
data. 
The technique described above enables a comparison the threshold of hearing of 
the individual undergoing audiometry with a reference value at a range of 
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octave band frequencies (125, 250, 500, 1000, 2000, 4000, 8000 Hz). From this 
data a pictorial representation, an audiogram, of hearing loss at various 
frequencies is produced.  
  
2.6.3. Special Variables: 
               ** Exploratory (Independent) Variables:  
- Age  
- Sex                      
- Rate of mobile phone use 
- Use of headsets  
- Ear mostly used 
- Telecommunication Technology in use   
** Outcome (Dependant) Variables: 
- Hearing level of each ear 
- Threshold for hearing of each ear  
                     
  2.7. Data Management: 
The data analysis was carried out by the researcher. It made use of the computer 
software Statistical Package for Social Sciences (version 17; SPSS; Chicago). 
The classes of people according to mobile phone use were correlated with the 
audiometric diagnoses through Pearson Chi-Square test. The t-test was applied 
where appropriate. 
 
 
  2.8. Ethical Considerations: 
 
  Informed consent is taken from each of the volunteers, and full description of                    
the procedure is provided by a trained person prior to the questionnaire filling 
and audiometric examination. 
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The protocol has been reviewed by the Ethical Committee, Faculty of medicine, 
University of Khartoum, in order to ensure for the ethical clearance. 
 
 
 
Appendix A: Questionnaire 
Appendix B: Audiogram paper 
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Chapter Three  
Findings and Results 
 
 
  
 
Figure (1): Bar chart shows the different age groups included in the study. The 
study population, 200 candidates, covered all age groups from 18-65 years old. 
These are: young adults, adults, middle aged, and old; respectively as apparent 
in the chart from left to right. However, there is major contribution from the 
young adults, and comparatively small contribution from old people.   
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Figure (2): Bar chart shows the percentages of males and females 
included in the study. Both sexes are represented well in the study, 
with less contribution from males.  
  
 
 
 
 
 
 
 
 
23 
 
  
 
Figure (3): Pei chart shows the percent contribution of each class of people, 
according to mobile phone use, to the study sample.  Referring to the figure, it is 
obvious that the percentages of participants from either class: heavy users and 
non users are very close, this enables the comparison in the study.  
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Table (1) Age in years * Class according to mobile use Cross-tabulation 
 
P Value = 0.034 
 
Class according to mobile use 
Total 
Heavy 
User 
Moderate 
User Non User 
Age in 
years 
18-25 Count 22 46 15 83 
% within Age in 
years 
26.5% 55.4% 18.1% 100.0% 
26-35 Count 18 27 7 52 
% within Age in 
years 
34.6% 51.9% 13.5% 100.0% 
36-50 Count 9 23 15 47 
% within Age in 
years 
19.1% 48.9% 31.9% 100.0% 
51-65 Count 0 12 6 18 
% within Age in 
years 
.0% 66.7% 33.3% 100.0% 
Total Count 49 108 43 200 
% within Age in 
years 
24.5% 54.0% 21.5% 100.0% 
 
Referring to table (1) above, it is found that the largest percentage of heavy 
users leis in the age group 26-35 years. On the other hand, the age group 51-65 
years is devoid from this class of users. Test is statistically significant. 
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Table (2): Sex * class according to mobile use Cross-tabulation 
 
P Value = 0.105 
 
class according to mobile use 
Total 
Heavy 
User 
Moderate 
User 
Non 
User 
Sex Male Count 23 42 11 76 
% within 
Sex 
30.3% 55.3% 14.5% 100.0% 
Female Count 26 66 32 124 
% within 
Sex 
21.0% 53.2% 25.8% 100.0% 
Total Count 49 108 43 200 
% within 
Sex 
24.5% 54.0% 21.5% 100.0% 
 
 
Referring to table (2) above, it is noticeable that relatively large percentage of 
males is heavy users of the mobile phone. This is on the expense of the class of 
nonusers in this gender. However, this difference is not statistically significant. 
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Figure (4): Bar chart represents the different durations of mobile phone 
use in years. It shows that very few people, only 6% of the total, have 
used the mobile phone for a period that exceeds ten years  
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Figure (5): Bar chart shows the percentages of people using either ear 
during calls. The ratio of those who use the right ear for calls to those 
who use the left ear is 3:1.   
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Figure (6): Bar chart shows the percentages of people who use the wired-
headset and those who do not. The vast majority of  mobile phone users, 
97% of the total, apply the mobile phone devise directly to their ears 
during use, with only small minority, 3%, use the wired head –sets.  
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Figure (7): Bar chart shows the different percentages of people using either of 
the two telecommunication technologies under study. Only small minority of 
people, less than 10%, makes use of the telecommunication technology CDMA, 
with the vast majority using the GSM.  
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Table (3): Audiometry Results of the Right and Left Ears  
  (P Value = 1.000 
 Frequency Right 
Frequency 
Left 
Percent 
Right 
Percent 
Left 
 Normal 181 179 90.5 89.5 
Sensorineural D. 10 10 5.0 5.0 
Conductive D. 9 11 4.5 5.5 
Total 200 200 100.0 100.0 
             
                 According to table (3) above, it is clear that, of the total sample, i.e.: 
200 persons, 10% suffer from different levels of hearing impairment in at 
least one ear. This is shared almost equally between conductive type and 
sensorineural type of hearing impairment. Moreover, the audiogram 
readings of the right and left ears among the study population show no 
statistically significant difference. 
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                          Table (4): Age* Threshold at 1000Hz Right 
P Value = 0.101 
Age in years 
Threshold at 1000 Hz Rt 
Total 
-10-20 
dB 
25-30 
dB 
more than 
30 dB 
   18-25     % within Age in years 85.5% 10.8% 3.6% 100.0%
 26-35    % within Age in years 75.0% 23.1% 1.9% 100.0%
 36-50     % within Age in years 72.3% 21.3% 6.4% 100.0%
 51-65     % within Age in years 55.6% 38.9% 5.6% 100.0%
 Total      % within Age in years 77.0% 19.0% 4.0% 100.0%
 
 
 
Table (5): Age* Threshold at 1000Hz Left 
P Value = 0.176 
Age in years 
Threshold at 1000Hz Lt 
Total 
-10-20 
dB 
25-30 
dB 
more than 
30 dB 
  18-25% within Age in years 90.4% 7.2% 2.4% 100.0%
 26-35% within Age in years 80.8% 15.4% 3.8% 100.0%
 36-50% within Age in years 74.5% 14.9% 10.6% 100.0%
 51-65% within Age in years 72.2% 16.7% 11.1% 100.0%
 Total % within Age in years 82.5% 12.0% 5.5% 100.0%
 
 
 
Tables (4) and table (5) above, show cross-tabulation of age group by threshold 
for hearing at 1000Hz of the right and the left ears, respectively. There is, 
generally, ascending pattern of hearing threshold with increasing age, although 
not statistically significant. 
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Class of User * Audiometry Result of Right Ear 
 
P Value= 0.001 
 
 
 
 
Figure (8): Stacked column chart shows cross-tabulation of audiometry 
diagnosis in the right ear by the level of mobile phone use 
. A percentage of 10.4 from the heavy users were diagnosed as cases of mild 
sensorineural hearing impairment in the right ear with no known cause or risk 
factor for this impairment, while the remaining 89.6% as well as all the non 
users and all the moderate users of mobile phone are not. So, there is a 
relationship between the rate of mobile phone use and prevalence of 
sensorineural hearing impairment. This relation is statistically significant.  
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Class of User * Audiometry Result of Left Ear 
P Value= 0.001 
 
 
 
 
Figure (9): Stacked column chart shows cross-tabulation of audiometry 
diagnosis in the left ear by the level of mobile phone use. The findings are 
exactly the same as those for the right ear, and the difference is, similarly, 
statistically significant. 
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Class of User * Threshold at 1000Hz -Right Ear  
 
            P Value= 0.003 
 
           Figure (10): Stacked column chart presents cross-tabulation of hearing 
threshold at 1000Hz in Right ear by class of population according to rate 
of mobile phone use. It shows that 6.3% of the heavy users have beyond-
normal thresholds, i.e. more than 30 d B, which is absent in the other two 
groups. The difference is statistically significant. 
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Class of User * Threshold at 1000Hz - Left Ear  
 
            P Value= 0.019 
 
          
Figure (11): Stacked column chart presents cross-tabulation of hearing 
threshold at 1000Hz in left ear by class of population according to rate of 
mobile phone use. It shows that 6.3% of the heavy users have beyond-
normal thresholds for hearing, i.e. more than 30 d B, in their left ears. 
Such thresholds are absent in the other two classes. The difference is 
statistically significant.  
Furthermore, we find that 15.6% more heavy users have higher thresholds 
in the left ears compared to the other two groups. The difference is 
statistically significant, indicating that heavy users of mobile phone could 
be more at risk for developing hearing impairment than the rest of 
population represented by the other two classes in the study. 
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Class of User * Audiometry Result of Ear Mostly Used 
 P Value = 0.000 
 
Figure (12): Stacked column chart shows cross-tabulation of audiogram result in 
ear mostly used by class of mobile phone users. 
 
Class of User * Audiometry Result of Ear Less Used 
 P Value = 0.003 
 
Figure (13): Stacked column chart shows cross-tabulation of audiogram result in 
ear less used by class of mobile phone users. 
Referring to the above two charts, in the class of heavy users there is a 
percentage of sensorineural hearing impairment that is 4.2% higher when the 
ear mostly used is tested. Both tests prove statistically significant, with the level 
of significance increases testing the ear mostly used. 
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Class of User * Threshold at 1000Hz of Ear Mostly Used 
             P Value= 0.006 
 
Figure (14): Stacked column chart shows cross-tabulation of threshold 
for hearing at 1000 Hz in ear mostly used by class of mobile phone user. 
 
Class of User * Threshold at 1000Hz of Ear Less Used 
P Value = 0.012 
 
              
 
38 
 
 
Figure (15): Stacked column chart shows cross-tabulation of threshold 
for hearing at 1000 Hz in ear less used by class of mobile phone user. 
 
Referring to the above two charts, the elevation in auditory threshold 
among heavy users of mobile phone is more prominent considering the 
ear mostly used for calls, with double the statistical significance. 
 
 
Table (6): Duration of phone Use  * Audiometry Result of Ear Mostly Used  
P Value = 0.813 
Duration of phone Use 
Audiometry Result of Ear 
Mostly Used 
Total Normal 
Sensorineural 
D. 
 1-5 years % within 
Duration of Use
95.9% 4.1% 100.0%
6-10 years % within 
Duration of Use
95.5% 4.5% 100.0%
more than 10 
years 
% within 
Duration of Use
100.0% .0% 100.0%
Total % within 
Duration of Use
96.0% 4.0% 100.0%
 
 
Table (7): Duration of phone Use  * Threshold at 1000Hz of Ear Mostly Used  
P Value = 0.328 
Duration of phone Use 
Threshold at 1000Hz of Ear 
Mostly Used 
Total -10-20 dB 25-30 dB 
more than 
30 dB 
 1-5 years % within Duration 
of Use 
87.7% 11.0% 1.4% 100.0%
6-10 years % within Duration 
of Use 
74.6% 20.9% 4.5% 100.0%
more than 10 
years 
% within Duration 
of Use 
77.8% 22.2% .0% 100.0%
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Table (7): Duration of phone Use  * Threshold at 1000Hz of Ear Mostly Used  
P Value = 0.328 
Duration of phone Use 
Threshold at 1000Hz of Ear 
Mostly Used 
Total -10-20 dB 25-30 dB 
more than 
30 dB 
 1-5 years % within Duration 
of Use 
87.7% 11.0% 1.4% 100.0%
6-10 years % within Duration 
of Use 
74.6% 20.9% 4.5% 100.0%
more than 10 
years 
% within Duration 
of Use 
77.8% 22.2% .0% 100.0%
Total % within Duration 
of Use 
81.2% 16.1% 2.7% 100.0%
 
Table (6) and (7) above, exhibit cross-tabulation of: duration of phone use in 
years by audiogram result and threshold at 1000 Hz, respectively. Both tests are 
not significant.  
  
  
Chapter Four  
Discussion and Conclusion 
 
4.1. Discussion: 
     This research is a population-survey study, which may give representative 
results for the whole population. All age groups between 18 and 65 years are 
represented in the 200 volunteers' sample, with the biggest share being from the 
young adults group, and the least share from the old people. This difference in 
participation may be attributed simply to the young people being more excited 
by the new ideas, especially those that link to new technologies like mobile 
phones and, consequently, more interested in volunteering. 
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     Both sexes are represented well in the study, with slightly less contribution 
from males. This might be attributed to data-collection technical problem or, 
simply, because males are less than females in the community of Khartoum 
state.  
     The count of heavy users who participated in the study is 49 volunteers, and 
that of the non users is 43 volunteers. Obviously these figures are very close to 
each other enabling comparison, which is most informative when it is between 
these two extremes of levels of mobile phone use. Moreover, they are double 
the numbers used by the Turkish colleges (7), who are the founders of the 
classification we employ in this study. However, the large number of moderate 
user volunteers reflects the situation in the general population, as the study is a 
population-based survey, not a case control study as the Turkish one which 
investigated equal numbers from each of the three classes. 
     The classes of moderate users and non users of the mobile phone are evenly 
distributed among all age groups in the study sample. However, the class of 
heavy users shows statistically significant abundance in the younger population 
(P < 0.05). This raises the red light, on the basis of potential harmful effects of 
mobile phone, not only on hearing but also on other bodily systems. 
     The relation between being of particular sex and rate of mobile phone use 
was also examined. Females had been expected to show higher rates of the 
phone use than males, because they, generally, like talking. But the test showed 
no statistically significant difference between the two genders in the rate of 
mobile phone use.    
       The vast majority of the population, 94%, has possessed their mobile 
phones for a period of time that does not exceed 10 years. This highlights the 
fact that mobile phone is a new phenomenon to people in Khartoum, but also 
tells about the crazy increase in its use in the recent years. This necessitates 
serious extensive research work, so as to ensure safety of the devise to people. 
       One of the interesting findings in the study is that almost three quarters of 
people prefer to talk on mobile phone through their right ears, and only a 
quarter prefer to use the left ear. Most probably, this is not a true preference to 
one ear; rather, this is a preference to one hand. Especially, if we remember 
from our neurophysiology that 91% of people are right handed. (3) 
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       We tried, by this study, to find out whether use of wired-headset during 
calls has a protective role against electromagnetic waves eliminated from 
mobile phone. Unfortunately, this proved not possible, because of the huge 
difference in numbers between those who apply the mobile phone device 
directly to their ears during use, 97% of the total, and those who make use of the 
wired-headset, only 3%. 
       Similarly, the small percentage of volunteers that receive through CDMA 
telecommunication technology, 3% of the total, and the large numbers using the 
GSM, 97%, make it difficult to weigh between the two methods of transmission 
applied by the different telecommunication companies regarding effects on 
hearing. However, future case control studies may solve the issues of the 
telecommunication technologies as well as the wired-headset regarding their 
relation to effects of mobile phone.   
     As mentioned in the chapter of methods, every volunteer is asked, before 
performing the audiometric test, if they have past or present history of hearing 
impairment, excluding them from the sample. Never the less, ten percent of the 
study sample showed different levels of hearing impairment in at least one ear. 
This is shared almost equally between conductive type and sensorineural type of 
hearing impairment. Such finding indicates either: those people do not know 
about their state of hearing, or they lie on the researcher so as to be included in 
the research and do audiometry.  
 
      However, all cases of conductive deafness (14 volunteers), and those with 
sensorineural deafness that is attributed to established factors (4 volunteers), are 
outside the analysis against mobile phone use. In this way we are confident that 
the hearing impairment, if encountered, is most probably due to mobile phone 
use. 
     
      The audiogram readings of the whole study population show no statistically 
significant difference between the right ear and the left ear (P > 0.05). This 
indicates that both ears in humans possess equivalent hearing abilities, with no 
dominance of one over the other. 
 
      Also, there is, generally, ascending pattern of hearing threshold at 1000Hz 
with increasing age. But this difference shows no statistical significance (P > 
0.05) , most probably because persons above 65 years of age are not included. It 
is established that more than 25% of people above 70 years of age are sufferers 
of age related sensorineural deafness, which affects the high frequencies most. 
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       Heavy users of the mobile phone show interesting audiometric results, with 
10.4% prevalence of "mild sensorineural hearing impairment." (NB: 
Audiometry diagnosis was made with aid from specialized ENT clinicians). The 
remaining 89.6% of the heavy users, as well as all the non users and all the 
moderate users of mobile phone gave normal audiograms. (P < 0.05)  
 
      On the other hand, 6.3% of the heavy users have beyond-normal thresholds 
for hearing at the frequency of 1000Hz, i.e. more than 30 d B HL. This is absent 
in the other two classes: the moderate users and the non users. Furthermore, 
15.6% more heavy users have left year higher threshold compared to the other 
two groups. Similar difference occurs in the right ear, but compared only to 
moderate users. These differences are statistically significant (P < 0.05), 
indicating that heavy users of mobile phone could be more at risk for 
developing hearing impairment than the rest of population represented by the 
other two classes in the study. 
 
     Our results strengthen those of the Spanish colleges in the year 2005, who 
detected increase in hearing threshold among large number of heavy users than 
controls in speech tones (7). Also the Turkish in the year 2006, who tested 
thresholds in heavy users and found them to be higher than those in either 
moderate users or control subjects (9). But no previous research works, as far as 
our reviewing, has investigated the effect on the ear mostly used in direct 
contact with the mobile phone, specifically.  
     As we encountered in our results, people differ in their preference to use the 
right or the left ear during their phone calls.  In this research, we examine the 
extent of mobile phone affection on the ear mostly used and that less used, 
separately. This idea was built on our assumption that: If the mobile phone 
hearts the ear, it must heart the ear mostly used more than that less used. By 
this research, it is proved statistically that mobile phone exerts greater effect on 
the mostly used ear than the other.  
    When audiogram result of the ear mostly used is cross-tabulated by the class 
of user, prevalence of mild sensorineural hearing impairment among heavy 
users is 12.5%, versus 0% among moderate users, with high level of 
significance (P < 0.01). And when audiogram result of the less used ear is cross-
tabulated by the class of user, prevalence of mild sensorineural hearing 
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impairment among heavy users decreases to become 8.3%, versus 0% among 
moderate users. This is statistically significant as well, but the level of 
significance decreases (0.01 < P < 0.05). 
     Similarly, when threshold for hearing at 1000 Hz is cross-tabulated by the 
class of user, we find the effect more prominent in the ear mostly used than the 
ear less used. Although both are statistically significant (P < 0.05), the level of 
significance increases with the mostly used ear (P < 0.01).  
     From the couple of comparisons above, it has become clear that the rate of 
mobile phone use correlates well with the degree of affection on hearing. 
      We questioned the relation between duration of mobile phone use in years 
and degree of affection on hearing. There were no statistically significant 
relationships between duration of phone use in years and audiogram result, or 
between the duration of phone use in years and threshold for hearing at 1000 Hz 
(P > 0.05) in both tests. So, long term use of the mobile phone does not appear 
to have effects on hearing unless accompanied with high rate of use.  
  
Limitations of the study:  
1- The inability to perfectly elicit all confounding factors that could have 
affected the audiometric tests of the volunteers. 
2- The subjectivity of the audiometric test 
 
 
4.2. Conclusion: 
 
      Mobile phone use has adverse effects on auditory function in humans.  
      High rate of mobile phone use allows detecting a mild sensorineural hearing 
impairment, but the cause of this disorder keeps vague.  
      It also causes increase in threshold for hearing at the frequency of 1000 Hz, 
the minimum speech tone. This effect increases in severity with the increase in 
rate of the phone use. 
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      This study does not show association between long-term use of the mobile 
phone and hearing impairment. 
 
 
 
             
            
 
  
  
  
  
  
 
 
 
  
Chapter Five  
Recommendations 
  
  
1. People who use the mobile phone with high rate should have their hearing 
tested regularly, so as to early detect hearing impairment. People with healthy 
hearing and who are not exposed to much electromagnetic waves should have 
their hearing tested as well, but not as frequently.  
2. Avoidance of using the mobile phone, in direct contact with the ears, for long 
periods daily.  
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3. Use of wired-head set; as they help keep the mobile phone devise a 
reasonable distance from the ears during calls.  
4. Enlightening people about the effects of extensive use of mobile phones on 
their health.  
5. Expansion of this research work to include larger sample; so as to strengthen 
the results of this study, and to give the final decision regarding whether the 
mobile phone has effects on auditory function.  
6. Inclusion of auditory evoked potentials (AEP), distortion product otoacoustic 
emissions (DPOAE), and contralateral suppression of transiently evoked 
otoacoustic emission, besides pure tone audiometry used in this study.  
7. Defining the auditory changes due to mobile phone use, and determining 
which frequencies are affected more, i.e.: characteristic audiogram pattern.   
8. Conducting case-control studies to investigate protective value of using 
wired-headsets with the mobile phone, and also to compare the effects of the 
deferent telecommunication techniques used by the mobile companies on 
hearing.    
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